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SECTION  I 
INTRODUCTION 

This  report  presents  the  results  of  the  Radiation  Monitoring  Equipment 
(RME)  experiments  flown  on  STS-41C,  41D,  41G,  and  51A.  The  objectives  of 
the  RME  experiments  are  to  provide  in-cabin,  real-time  crew  dosimetry  and 
to  obtain  time  resolved  gamma-ray  background  data  and  neutron/proton 
background  data. 

The  first  objective  was  partially  met  during  the  flight  of  STS-6  (ref  1). 
The  RME  was  flown  for  the  first  time  on  STS-6,  and  a  limited  amount  of  data 
was  taken.  The  quality  of  the  data  was  sufficient  to  convince  us  that  the 
instruments  will  work  in  space,  and,  more  importantly,  that  the  crew  can 
operate  them  and  obtain  meaningful  data.  Longer  operations  were  required 
to  fully  meet  the  first  objective  since  the  instruments  were  not  utilized 
to  their  fullest  extent  during  the  STS-6  mission. 

The  second  objective  was  also  achieved,  in  part,  during  the  STS-6  mission. 
The  neutron/proton  dosimeter,  EG&G's  Pocket  REM  Meter  (PRM),  was  operated 
for  sufficiently  long  periods  of  time  and  gathered  meaningful  background 
data.  The  gamma-ray  counter,  EG&G's  HRM  III,  was  only  operated  for  10 
seconds  each  time  it  was  activated  and  did  not  yield  enough  background  data 
to  meet  the  second  objective. 

The  STS-8  and  STS-11  flights  (ref  2  and  3)  provided  opportunities  to 
meet  both  objectives  of  the  RME  experiments.  During  these  flights,  the 
HRM- III  was  operated  a  total  of  11  times  with  each  operation  lasting  52.5 
minutes.  The  PRM  was  operated  four  times  with  each  operation  lasting  a 
minimum  of  10  hours. 

During  the  STS-6,  8,  and  11  flights,  the  RME  data  convinced  us  that  the 
crew  can  operate  the  RME  to  obtain  valuable  data.  During  STS-41C,  41D, 

41G,  and  51A,  the  RME  provided  real-time  crew  dosimetry  capability  and 
obtained  time  resolved  gamma-ray  background  data  and  neutron/proton 
background  data.  During  these  flights,  the  HRM  III  was  operated  for  a 
total  of  15.75  hours  and  the  PRM  was  operated  for  a  total  of  116.5  hours. 
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SECTION  II 


EQUIPMENT 


HRM-III. 


The  HRM-III  (Figure  1)  (ref  4)  is  a  hand-held  gamma-ray  counter.  It 
weighs  approximately  1  kilogram  (2.2  pounds)  and  is  about  the  size  of  a 
small  cassette  recorder.  The  circuitry  is  all  solid  state  and  micropro¬ 
cessor  controlled.  The  detector  is  a  mecuric  iodide  ( Hgl2 )  crystal  with  a 
detection  threshold  of  100  ki loelectronvolts  (keV). 

The  HRM-III  has  105  internal  memories  that  can  store  counting  data  for 
playback  at  a  later  time.  These  memories  are  filled  with  the  average 
counts  obtained  during  a  user  determined  time  interval.  The  interval  can 
vary  from  1/3  of  a  second  to  33  seconds.  Playback  of  the  stored  data  is 
accomplished  through  a  liquid  crystal  display  (LCD)  on  the  HRM-III.  This 
record-playback  feature  allows  for  a  time-history  of  the  gamma-ray  counts 
without  having  a  user  continually  monitoring  the  instrument.  (For  a  more 
complete  description  of  the  HRM-III,  see  reference  4). 

PRM. 

The  PRM  (Figure  2)  (ref  5)  is  a  hand-held  neutron/proton  dosimeter.  It 
weighs  approximately  1  kilogram  (2.2  pounds)  and  is  slightly  larger  than 
the  HRM-III.  The  PRM  has  microprocessor  controlled  solid  state  circuitry. 
It  uses  three  ionization  tube'  as  detectors.  These  tubes  are  surrounded  by 
a  tissue  equivalent  plastic.  The  associated  electronics  then  produce  data 
in  the  form  of  counts,  rads  and  rems  in  real  time. 

Data  are  obtained  via  a  LCD.  The  PRM  will  read  out  either  hours  (elapsed 
time  since  turn-on),  counts,  rads,  or  rems  by  changing  the  position  of  a 
rotary  switch.  The  LCD  displays  the  current  value  of  the  function  (hours, 
counts,  rads,  rems)  chosen  and  the  LCD  readout  is  updated  as  the  value 
changes.  Thus  the  PRM  is  a  real  time  dosimeter.  (For  a  more  complete 
description,  see  reference  5). 

Crew  Training. 

Crew  training  on  the  RME  was  accomplished  at  Johnson  Space  Center.  The 
crews  received  a  briefing  on  the  instruments  and  were  allowed  to  operate 
them.  During  this  training  briefing,  questions  that  the  crews  had  on  the 
operation  of  the  instruments  were  answered.  The  crews  then  practiced  with 
two  training  units  at  Johnson  Space  Center. 
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SECTION  III 


RESULTS 

HRM-III. 

During  the  STS-41C,  41D,  41G,  and  51A  flights,  each  HRM-III  operation 
lasted  52.5  minutes  with  the  device  configured  to  fill  one  menory  location 
every  30  seconds.  For  each  flight,  the  data  are  presented  in  two  ways. 
First,  average  counts  per  second  are  plotted  on  a  map  of  the  world,  based 
on  the  Orbiter's  subpoint.  Second,  average  counts  per  second  are  plotted 
against  elapsed  time  since  device  activation. 

STS-41C. 

The  HRM-III  was  operated  four  times  during  STS-41C.  The  device  performed 
well  with  no  anomalies  experienced. 

Figures  3,  5,  7,  and  9  show  average  counts  per  second  plotted  on  a  world 
map.  Figures  4,  6,  8,  10,  and  11  show  average  counts  per  second  plotted 
against  elapsed  time. 

The  four  operations  produced  very  similar  data.  Low  count  rates  are  all 
experienced  around  the  equator  and  fall  between  22  and  27  counts  per 
second.  High  count  rates  occur  at  the  higher  latitudes  and  fall  between  47 
and  59  counts  per  second. 

5T5-41D. 

The  HRM-III  .was  operated  six  times  during  STS-41D  with  no  anomalies 
experienced. 

Figures  12,  14,  16,  18,  20,  and  22  show  average  counts  per  second  plotted 
on  a  world  map.  Figures  13,  15,  17,  19,  21,  23,  and  24  show  average  counts 
per  second  plotted  against  elapsed  time. 

The  most  significant  aspect  of  the  data  was  seen  in  run  #5  (Figures  20  and 
21)  when  the  Orbiter  passed  through  the  Southeast  Asian  Anomaly. 
Approximately  midway  through  this  data  take,  average  count  rate  rose  from 
38  counts  per  second  to  a  high  of  117  counts  per  second  and  dropped  back 
down  to  59  counts  per  second  during  a  period  of  12.5  minutes. 

Data  from  runs  1,  2,  3,  4,  and  6  are  unremarkable  with  average  count  rates 
ranging  from  a  low  of  21  counts  per  second  to  a  high  of  68  counts  per 
second. 

STS-41G. 

The  HRM-III  was  operated  four  times  during  STS-41G.  Once  again,  the  device 
performed  well  with  no  anomalies  experienced. 
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Figures  25,  27,  29,  and  31  show  average  counts  per  second  plotted  on  a 
world  map.  Figures  26,  28,  30,  32,  and  33  show  average  counts  per  second 
plotted  against  elapsed  time. 

The  inclination  of  the  STS-41G  orbit  was  57*,  whereas  the  inclinations  of 
STS-41C,  41D,  and  51A  were  28.5*.  Data  taken  at  the  higher  latitudes 
covered  by  STS-41G  show  significantly  higher  count  rates  than  those  of  the 
lower  inclination  orbits.  There  is  a  greater  population  of  trapped  par¬ 
ticles  at  higher  latitudes  and  the  increased  interaction  of  the  particles 
with  the  Orbiter  results  in  higher  levels  of  nuclear  radiation. 

Another  interesting  characteristic  of  the  data  was  seen  during  operation 
#1.  Near  the  end  of  the  data  take,  the  average  count  rate  increases  drama¬ 
tically  to  a  high  of  2518  counts  per  second.  These  readings,  the  highest 
of  any  of  the  RME  Shuttle  experiments  are  clearly  the  result  of  passing 
through  the  South  Atlantic  Anomaly. 

During  operation  #3  (refer  to  figures  29  and  30),  a  severe  spike  in  count 
rate  occurred  near  the  beginning  of  the  run.  The  readings  for  four  con¬ 
secutive  sampling  periods  were  324,  2227,  761,  and  146  counts  per  second. 
The  unusual  appearance,  that  is  the  narrow  width  of  the  spike,  is  attri¬ 
buted  to  the  effect  of  the  30  second  sampling  period  of  the  HRM-III  as  con¬ 
figured  for  these  experiments.  Better  resolution  of  this  data  would  have 
required  a  finer  sampling  rate. 

STS-51A. 

The  STS-51A  crew  performed  four  HRM-III  operations.  No  anomalies  were 
experienced. 

Figures  34,  36,  38,  and  40  show  average  counts  per  second  plotted  on  a 
world  map.  Figures  35,  37,  39,  41,  and  42  show  average  counts  per  second 
plotted  against  elapsed  time. 

For  the  most  part,  HRM-III  data  from  this  flight  are  unremarkable.  Average 
count  rates  for  the  four  operations  range  from  a  low  of  23  counts  per 
second  to  a  high  of  63  counts  per  second.  A  pass  through  the  Southeast 
Asian  Anomaly  is  evident  in  operation  number  one  where  average  count  rate 
climbs  gradually  from  27  counts  per  second  over  Australia  to  a  high  of  58 
counts  per  second  and  then  falls  down  to  31  counts  per  second  near  the 
Pacific  coast  of  Mexico  (see  figure  34). 

PRM. 

During  the  STS-41C,  41D,  41G,  and  51A  flights,  ten  PRM  operations  were 
attempted.  The  first  operation  during  STS-41C  failed,  presumably  due  to  a 
low  battery.  All  other  data  takes  were  successful.  PRM  data  are  presented 
in  tables  1  through  8. 

PRM  operations  on  all  four  flights  lasted  between  7.95  and  17.65  hours. 
Average  dose  rates  for  these  operations  ranged  between  .211  mrem/hr  (.0217 
mrad/hr)  and  1.2421  mrem/hr  (.1025  mrad/hr),  and  estimated  total  mission 


STS41-G 

COMPOSITE 


— •  cm  cn  =r 


#  9  a  a 

2  2  2  2 
2  2  2  2 
2  QC  CC  CC 
II  II  II  II 

©  <  +  X 


05*992  02 ’£ 12  06*691  09*901  0£*£S 

,01*  31dWUS  d  3d  SiNOQO 


00*cP 


.00  15.00  30.00  45.00  60.00  75.00 

SRMPLE  NUMBER 

30  SECONDS  PER  SRMPLE 


STS41- 


*15.00  60.00  75.00  90.00  105.00 

SRMPLE  NUMBER 

0  SECONDS  PER  SAMPLE 


-thSiS 


QQ'SLS  OO’OOS  OO’SEE  00‘OSI  OO'SZ.  OO'cP 

3 IdWdS  d  3d  SiNHOG 


.00  15.00  30.00  45.00  60.00  75.00  90.00  105.00 

SAMPLE  NUMBER 

30  SECONDS  PER  SAMPLE 


SIS51-R 

COMPOSITE 


HO  SEC ONUS  PER  SOMPI 1 


TABLE  1 


PRM  DATA  FROM  STS-41C 

RAW  DATA 


■  mu  ni  — 

■hnrai-mi 

Counts 

5304 

1658 

Average 

Count 

Rate 

372.21/hr 

146.34/hr 

Stdr 

Dev 

+19. 29/hr 

+12. 10/hr 

rem 

17.7  mrem 

6.41  mrem 

rad 

1.46  mrad 

.508  mrad 

Hours 

14.25  hrs 

11.33  hrs 

TABLE  2 


PRM  DATA  FROM  STS-41C 
AVERAGE  DOSE  RATES 


- 

- U7UF7U8 : 58 - 

Dose  Rate 

(mrem/hr) 

1.2421 

.5658 

Dose  Rate 

(mrad/hr) 

.1025 

.0448 

Average  dose  rate  for  both  operations 


(mrem/hr) 

.904 

(mrad/hr) 

.074 

Mission  Duration:  6  days  23  hours  40  minutes. 
Estimated  Total  Mission  Dosage:  151.571  mrem 

12.407  mrad 


m  »  m  rauM  m*n»  nm.-raa 


rem 

rad 

Hours 


2217 

2110 

2489 

278.87/hr 

225.67/hr 

192.80/hr 

16.70/hr 

15.02/hr 

13.89/hr 

2.26  mrem 

2.35  mrem 

2.80  mrem 

.234  mrad 

.233  mrad 

.276  mrad 

7.95 

9.35 

12.91 

TABLE  4 


PRM  DATA  FROM  STS-41D 
AVERAGE  DOSE  RATES 


“ 'MET - 

— 'Iff  IfTW 

—  rnmnf 

Dose  Rate 

(mrem/hr) 

.284 

.251 

.217 

Dose  Rate 

(mrad/hr) 

.029 

.025 

.021 

Average  dose  rate  for  both  operations: 
(mrem/hr)  .234 

(mrad/hr)  .023 

Mission  Duration:  6  days  56  minutes. 

Estimated  Total  Mission  Dosage:  33.914  mrem 

3.333  mrad 
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m&m 

■  rflTTTIll  — 

Counts 

3869 

3166 

Average 

Count 

Rate 

219.21/hr 

204.79/hr 

Stdr 

Dev 

14.81/hr 

14.31/hr 

rem 

10.4  mrem 

8.33  mrem 

rad 

.970  mrad 

.790  mrad 

Hours 


17.65  hrs 


15.46  hrs 


TABLE  6 


PRM  DATA  FROM  STS-41G 

AVERAGE  DOSE  RATES 


“in - 

~ — 1/09V4BT0D - 

Dose  Rate 

(mrem/hr) 

.589 

Dose  Rate 

(mr ad/hr) 

.055 

Average  dose  rate  for  both  operations: 


(mrem/hr) 

.564 

(mrad/hr) 

.053 

Mission  Duration:  8  days  5  hours  23  minutes. 


Estimated  Total  Mission  Dosage:  111.324  mrem 


mam 

■  mm  nr— 

Counts 

2874 

3367 

Average 

Count 

Rate 

203.40/hr 

249.96/hr 

Stdr 

Dev 

14.26/hr 

15.81/hr 

rem 

2.98  mrem 

3.47  mrem 

rad 

.307  mrad 

.368  mrad 

Hours 


14.13  hrs 


13.47  hrs 


TABLE  8 


PRM  DATA  FROM  STS-51A 

AVERAGE  DOSE  RATES 


MET- 

0/23:15:00 

—  n  inirrc 

Dose  Rate 

(mrem/hr) 

.211 

.258 

Dose  Rate 

(mrad/hr) 

.0217 

.0273 

Average  dose  rate  for  both  operations: 
(mrem/hr)  .2345 

(mrad/hr)  .0245 


Mission  Duration:  7  days  23  hours  45  minutes. 
Estimated  Total  Mission  Dosage:  44.9654  mrem 


4.6979  mrad 


dosage  was  greatest  on  STS-41C  at  151.571  mrem  (12.407  mrad)  (see  table 

2). 

The  operation  which  yielded  the  highest  dose  rate  was  the  STS-41C  data  take 
at  a  mission  elapsed  time  (MET)  of  0/06:08:58.  The  PRM  data  from  this 
operation  is  surprisingly  high  and  cannot  be  correlated  to  HRM-III 
(gamma-ray)  data  from  approximately  the  same  time  frame. 


SECTION  IV 


CONCLUSIONS 

For  the  most  part,  RME  data  from  the  STS-41C,  41D,  41G,  and  51A  flights  are 
consistent  with  data  taken  on  previous  missions.  The  higher  gamma-ray 
count  rates  (HRM-III)  from  STS-41G  are  attributed  to  the  higher  orbital 
inclination  of  that  flight.  The  unusually  high  neutron/proton  data  (PRM) 
from  the  first  STS-41C  operation  remains  unexplained.  All  other  variations 
in  the  data  correspond  to  natural  external  sources  of  radiation  (e.g.  the 
South  Atlantic  Anomaly,  and  the  Southeast  Asian  Anomaly). 

The  RME  equipment  performed  very  well  with  only  one  anomaly  experienced  in 
28  total  operations.  This  failure  of  the  PRM  was  due  to  a  low  battery,  and 
after  a  battery  change,  two  successful  operations  were  accomplished. 

Future  flights  of  the  RME  will  contribute  to  the  data  base  of  background 
radiation.  Different  mission  profiles  will  yield  data  from  different  alti¬ 
tudes  and  orbital  inclinations.  Such  a  data  base  will  prove  useful  for 
planning  future  space  systems,  including  crew  health  and  safety  require¬ 
ments,  as  may  exist  in  permanently  inhabited  stations  and  platforms. 
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